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Printed dreult board testing system with page scanner; 



(54) 

(57) A method for verification of components 
installed on a printed circuit board includes the step of 
capturing an image of an entire printed circurt board and 
components mounted thereon using a scanning device 
After it has been determined that a printed circurt board 
having no defects, the scanned image of the circurt 
board has no defects is stored in a memory. The .mage 
of the entire printed circurt board under test, and having 
potential defects is then captured using a scanning 



dwice. The image of the printed circurt board under test 
is then stored in a memory. The stored image of the 
primed circuit board having no defects is then overlaid in 
registration with the stored image of the printed orcuit 
board with potential defects on a display in attemattng 
sequence in order to visually provide an indication of a 
defective component or defective component placement 
on the printed circuit board under test to an operator. 
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Description 



TECHNICAL FIELD OF THE INVENTION 

[0001 1 The present invention relates to printed circuit 
board conponent testing and repair systems and meth- 
ods, and more particularly, to a method for verifying 
property placed components on a printed circuit board 
utilizing a scanning input device. 

BACKGROUND OF THE INVENTION 



[0002] Printed circuit boards comprise a support 
structure formed from an electrically insulative matenal 
and having formed on at least one side thereof a series is 
of electrically conductive paths or leads in the form of 
traces and pads Typically, a plurality of apertures are 
formed through the board, and components are 
mounted on the board by insertion of electrically con- 
ductive pins extending from each component through 20 
the apertures. Solder connections are then formed 
between the conductive pins of the components and the 
conductive leads of the printed circuit board, thereby 
completing the necessary electrical connections 
between the various components. 25 
[0003] As will be readily apparent when a particular 
printed circuit board requires the replacement addition, 
removal and/or testing of numerous components, many 
opportunities exist for operator enor. For example, 
many types of components are almost identical in so 
appearance, but widely differ in function. When the 
design of a particular printed circuit board requires the 
positioning of different types of components in relatively 
adjacent locations, the mounting or testing of compo- 
nents in incorrect locations or the removal of compo- 35 
nents from incorrect locations can usually occur. In 
addition, integrated circuits and other components often 
have a particular polarity. Even when the conductive 
pins of such a component are positioned in a correct 
aperture, the orientation of the component may be 40 
reversed, which means that the polarity of the compo- 
nent is inconect. 

[0004] Various systems have been proposed tor com- 
ponent verification on printed circuit boards, such as, for 
example, the system and method disclosed in U.S. Pat- « 
ent No. 4,469,553 issued to Robert E. Whitehead on 
September 4, 1984. The system of the '533 Patent 
projects circuit board data, such as, tor example. "Ger- 
ber" data from a plasma screen of a computer onto a 
half mirror. A printed circuit board is positioned beneath so 
the mirror. The board can be viewed through the mirror 
while at the same time the "Gerber" data and compo- 
nent data is projected on the minror in registry with the 
circuit board, so that an operator can view the circuit 
board through the mirror for correlating the "Gerber" ss 
data and component data projected into the mirror with 
the actual circuit board positioned below th mirror. 
[0005] A need has arisen for a improved system for 



verification of components and proper orientation .of 
components on printed circuit boards. ' . 

SUMMARY OF THE INVENTION 

5 [0006] in accordance with the present invention, a 
method for verification of components installed on a 
printed circuit board includes the step of capturing an 
image of an entire printed circuit board and components 
10 mounted thereon using a scanning device. After it has 
been determined that a printed circuit board has no 
defects, the scanned image of the circuit board having 
no defects is stored in a memory. The image of the 
entire printed circuit board under test, and having poten- 
tial defects is then captured using a scanning device. 
The image of the printed circuit board under test is then 
stored in a memory. The stored image of the pnnted cir- 
cuit board having no defects is then overlaid in registra- 
tion with the stored image of the printed circuit board 
with potential defects on a display in alternating 
sequence in order to visually provide an indication of a 
defective component or defective component placement 
on the printed circuit board under test to an operator. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] For a more complete understanding of the 
present invention and for further advantages thereof, 
reference is now made to the following Description of 
the Preferred Embodiments taken in conjunction with 
the accompanying Drawings in which: 

FIG. 1 is a block diagram of a system for carrying 
out the present method; and 
FIGS. 2 and 3 are block diagrams illustrating the 
steps of the present method for printed circuit board 

component verifications. 

• DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0008] Referring to FIG. 1 . the present method is per- 
formed at a workstation, generally identified by the 
numeral 10. Workstation 10 includes an optical scan- 
ning device 12 such as. for example, a model 6100C 
manufactured by Hewlett-Packard. Scanning device 12 
captures the image of a non-defective printed circuit 
board ("Golden" board 14) having no defective installed 
components. The scanner 12 also scans or captures 
the image of the printed circuit board under test or the 
unverified board 16 which is being checked for proper 
component placement and installation. 
[0009] The output of scanner 12 is displayed on a 
monitor 18, having an associated keyboard 20. A com- 
puter processor/memory 22 stores the images captured 
by scanner 1 2 and controls operation of scanner 12 and 
display 18. The present invention allows for images of 
unverified boards to be optically compared to the 
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Golden board by an operator viewing the alternating 
sequeitial display between the Golden board image 
and the unverified board image at display 18. The use of 
scamer 12 replaces a conventional camera mounted 
on an X/Y positioning mechanism so that the entire 
board image, both the Golden board 14 and unverified 
board 16 can be captured in a single step, eliminating 
the need for camera repositioning. 
[0010] Referring now to FIGS, 2 and 3, the present 
method steps of the present invention are illustrated in 
block diagram format Testing begins at step 30. The 
potential "Golden" board is positioned for scanning 
within scanner 12 at step 32. Computer aided design 
(CAD) data is obtained from processor 22 at step 34. 
The CAD data is sorted by component type at step 36. 
Optimum scanning resolution is selected at step 38. 
The "Golden" board is scanned by scanner 12 at step 
40. The CAD data and captured image are aligned at 
step 42. At step 44, the f irst component mounted on the 
Golden board 1 4 is selected. A display is created at step 
46 of the captured graphic image of the component with 
CAD data for display on display 1 8. At step 48, the oper- 
ator verifies the component type utilizing display 18: At 
step 50, the operator verifies the component position, 
and at step 52, the operator verifies the component ori- 
entation. 

[0011] At step 54, a determination is made as to 
whether there are any other unverified components on 
"Golden" board 14. If the decision is yes, the next com- 
ponent is selected from the CAD data at step 56. and 
the next step performed is step 46. 
[0012] If the decision at step. 54 is no, a decision is 
then made to determine H any errors were found in the 
potential "Golden" board at step 58. If errors were 
found, these errors are corrected at step 60 and the 
method returns to step 32. If no errors were found at 
step 58, the captured image is saved in memory 22 as 
the "Golden" board 14 at step 62. 
[001 3] The unverified board 1 6 is then placed within 
scanner 12 at step 64. The image of the unverified 40 1. 
board is then captured by scanner 12 and stored in 
memory/processor 22 at step 66. At step 68. the image 
of the "Golden" board 1 4 is loaded into memory/proces- 
sor 22. 

[0014] At step 70. the optimum inspection window size 45 
for display on display 18 is selected. At step 72, the 
inspection window size of the "Golden" board 14 is 
selected, and at step 74. the same window size is 
selected for the unverified board 16. 
: [001 5] Referring now to FIG. 3, the captured image of so 
the Golden board 14 is rapidly cfisplayed for the inspec- 
tion window size on display 1 8 at step 76. At step 78, the 
captured image of the unverified board 16 is rapidly dis- 
played for the same window size on display 18. At step 
80, a decision is made as to whether the two displays ss 
(from steps 76 and 78) are different. If the decision is 
yes, a cursor, under control of keyboard 20 is moved to 
locate the difference in the displayed images at step 82. 
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The size of the inspection window is decreased at step 
84. The window of the Golden board is selected at step 
. 86, The same decreased window size for the unverified 
. board 16 is selected at step 88. The new window size 
5 for Golden board 1 4 is rapidly displayed oh display 1 8 at 
step 90. The decreased window size of the image cap- 
tured by scanner 12 of the unverified board 1 6 \s rapidly 
'displayed an (fisplay 18 at step 92. The operator then 
identifies the type of error at step 94. The error is 
10 recorded in an error log at step 96. 

[0016] If there are no differences in the displays at 
decision step- 80, a decision is made at step 98 as to 
whether there are any additional uninspected windows 
on unverified board 16. if the decision at step 98 i6 no, 
is the unverified board 16 is removed from scanner 1 2 at 
step 100. A decision is then made at step 102 to deter- 
mine if there are any additional boards to be verified. If 
the decision is no, output error data for the unverified 
board 1 6 is output for repair at step 1 04 and the process 
20 is completed at step i 06. 

[0017] If the decision is yes at ?tep 98, the* process 
continues back to step 72 (FIG. 2). If the decision at 
decision step 102 is yes. the process continues back to 
step 64 (FIG. 2). 
25 [001 8] It therefore can be seen that the present inven- 
tion provides for a simplified process for capturing 
images of Golden boards and unverified boards for sub- 
sequent display to verify component identification and 
whether such components are properly installed ort a 
30 printed circuit board] 

[0019] Whereas the present invention has been 
described with respect to specific embodiments thereof, 
. it will be understood that various changes and modifica- 
tions will be suggested to one skilled in the art and it is 
35 intended to encompass such changes and modifica- 
tions as fall within the scope of the appended claims. 

Claims 

A method for verification of components installed 
on a printed circuit board comprising the steps of : 

capturing an image of a printed circuit board 
and components mounted thereon using a 
scanning device where the printed circuit board 
has no defects; 

storing the scanned image of the printed circuit 
board and components mounted thereon hav- 
ing no defects; 

capturing an image of a printed circuit board 
and components mounted thereon using a 
scanning device where the printed circuit board 
contains potential defects and incorrect com- 
ponent insertion; 

storing the scanned image of the printed circuit 
board having potential d fects and incorrect 
component insertion; and 
displaying on a display device in an alternating 
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sequence the stored image of the printed cir- 
cuit board having no defects and the stored 
image of the printed circuit board with potential 
defects and incorrect component insertion, 
those two said images being displayed in over- s 
laying registration. 

2. A method as claimed in claim 1 wherein the image • 
of the printed circuit board having no defects cap- 
tured, stored and displayed is an image of that w / 
entire board. 

3. A method as claimed in claim 1 or daim 2 wherein 
the image of the printed circuit board having poten- 
tial defects and incorrect component insertion cap- is 
tured, stored and displayed is an image of that 
entire board. 

4. A method for verification of components installed 

on a printed circuit board comprising the stepe of: 20 

capturing an image of an entire printed circuit 
board and components mounted thereon using 
a scanning device where the printed circuit 
board has no defects; & 

storing the scanned image of the printed circuit 
board and components mounted thereon hav- 
ing no defects; 

capturing an image of an entire printed circuit 
board and components mounted thereon using 30 
a scanning device where the printed circuit 
board contains potential defects and incorrect 
component insertion; 

storing the scanned image of the printed circuit 
board having potential defects and incorrect 35 
component insertion; and 
displaying on a display in an alternating 
sequence the stored image of the printed cir- 
cuit board having no defects and overlaying 
registration with the stored information of the 40 
printed circuit board with potential defects and 
incorrect component insertion. 
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